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INTRODUCTION

ROADWAY DESIGN GUIDELINES AND STANDARD DRAWINGS

Roadway Design Guidelines and Standard Drawings have been created to ensure that
there is consistency in TDOT projects across the state. The Roadway Design Guidelines and
Standard Drawings indicate the current recognized design standards for new construction or
reconstruction of existing highways and shall be utilized while giving due regard to topography,
natural conditions, availability of road material, and prevailing traffic conditions.

Throughout these guidelines you will see the following terms used. To clarify the meanings
intended in this guide by the use of these terms, the following definitions apply:

Designer i HQ Design, Project Development, or Consultant Designer

Design Manager i HQ Design, Project Development, or Consultant Design Manager
Design Team i HQ Design, Project Development, or Consultant Design

Technical Report i Transportation planning reports (i.e. Transportation Investment
Reports (TIR), Transportation Planning Report (TPR)) developed by the Strategic
Transportation Investments Division.

= =4 =8 =4
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SECTION 11T CONTROLLING GEOMETRIC DESIGN CRITERIA

2-100.00 CONTROLLING CRITERIA FOR DESIGN

The following sections define both horizontal and vertical design elements including the
10 controlling criteria for design as defined by the FHWA. The 10 controlling criteria can contribute
substantial importance to the operation and safety performance of any highway. A formal written
design exception process should be followed if any of the following criteria cannot be met. See
Section 2-105.00 Design Exception Requests for further guidance on the process and required
form. The 10 criteria are: Horizontal Curve Radius, Superelevation Rate, Lane Width, Shoulder
Width, Cross Slopes, Maximum Grade, Stopping Sight Distance, Design Speed, Vertical
Clearance, and Design Loading Structural Capacity.

2-101.00 HORIZONTAL DESIGN

The Horizontal Design consists of the horizontal alignment, typical section, slope
development, and roadside design. The horizontal design elements are based off of several
factors including design speed, rural or urban setting, type of terrain, AADT, and superelevation.
The RD11-TS series - Typical Section and Design Criteria and RD11-SE series - Superelevation
Details of the Roadway Standard Drawings shall be used to determine the horizontal curve radius,
superelevation, lane width, shoulder width, cross slopes, and side slopes. The proposed design
speed and road type are listed in the technical report but shall always be reviewed and compared
to the standard drawings to ensure the correct typical section is listed based on road type.

2-101.01 HORIZONTAL CURVE RADIUS AND SUPERELEVATION RATES

Horizontal curves provide transitions between tangent sections of roadway. Referto RD11-
SE series - Superelevation Details of the Roadway Standard Drawings and Minimum Runoff
Lengths RD11-LR series of the Roadway Standard Drawings to review requirements for horizontal
curve radii based on speed of the road. Designers shall refer to these tables to determine the radius
required when designing horizontal alignments. Curve data is generated for each horizontal curve
by CADD software programs and shall be shown on all projects. The Designer shall fill in any
missing data that is not automatically generated. See Figure 2-1, Curve Data.
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Figure 2-1
Curve Data

Superelevation rates and run-off for horizontal curves are also shown in the RD11-SE series
I Superelevation Details of the Roadway Standard Drawings and RD11-LR series - Minimum
Runoff Lengths of the Roadway Standard Drawings. For urban projects, the maximum desired
superelevation rate is 0.04 ft/ft. For rural projects, the maximum desired superelevation rate is 0.08
ft/ft. If the design superelevation rates cannot be met due to existing conditions, R.O.W. limitations,
or other factors, a Design Exception is required. See Section 2-105.00 Design Exception Requests
for further guidance.

The most common type of horizontal curve is a simple circular curve; however, a spiral
curve can be used to provide a gradual transition between tangent sections and circular curves.
This allows vehicles to more easily transition into and out of a curve while staying within the travel
lane. The superelevation tables in the RD11-LR series define when spiral curves shall be placed
on projects. Spirals are recommended for curves 50 MPH or greater and superelevation of three
percent or greater. In Table 2-1, Example of Urban Superelevation Table Spiral Curves, the first
entry for a 50 MPH curve that requires a spiral curve is for a Radius of 2,2900 .
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METHOD 2 S METHOD 5

Table 2-1
Example of Urban Superelevation Table Spiral Curves

On isolated bridge replacement projects, intersection improvements, widening of existing
roadways, etc., where use of spirals would provide no real benefit and/or would be difficult to
construct, spirals will not be required. It will still be necessary to provide superelevation and
superelevation lengths as shown on RD11-LR series.

2-101.02 TRAVEL, THROUGH, AND TURN LANE WIDTHS

The RD11-TS Series i Typical Sections and Design Criteria Roadway Standard Drawings
show the lane width requirement for travel, through, and turn lanes for each road classification. If
the lane widths cannot be met due to R.O.W. restrictions, existing conditions, existing structures,
etc.,, a Design Exception Request form shall be submitted. See Section 2-105.00 Design
Exception Requests for further guidance. Design Exceptions are generally not needed at the
beginning and ending of a project where lane widths transition down to existing conditions
(example twelve feet proposed lanes transition down to existing eleven feet lanes). However, for
other roads specified in the Design Exception criteria, the designer shall refer to the typical section
standards and evaluate all available information on the road to ensure the best, most economical
lane width is proposed. If the Designer has questions or concerns due to the lane width, they
should discuss it immediately with the Design Manager and Design Team as well as the Strategic
Transportation Investment Division (STID) who furnished the technical report.

2-101.03 SHOULDER WIDTHS

Widths for outside and inside (if applicable) shoulders are defined in each of the RD11-TS
Series 1 Typical Sections and Design Criteria Roadway Standard Drawings based on road
classification. If the shoulder width needs to be reduced due to R.O.W. restrictions, existing
conditions, existing structures, etc., a Design Exception Request form shall be submitted. See
Section 2-105.00, Design Exception Requests, for further guidance.
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For lower volume roads, the outside shoulder may be graded only and not paved. For most

ruraldesigns, t he shoul der will have a greater portion t
shoul der wi || have 1006 pavesdho uwldd esrhso ull edsesr fulyi d i 6héa v
paved). It is sometimes economical to pave out the addit i on a | 26 and this shoul ¢

the R.O.W. field review.

When calculating drainage spread, the inside and/or outside shoulder may be used to
carry a portion or all of the water. Often, initial drainage calculations include the entire shoulder
width plus one-half of a travel lane for spread. On projects where the existing shoulders are used
for spread on a closed drainage system, the Designer shall ensure that the reduced shoulder width
can still accommodate the flow without increasing the spread more than the amount allowed into
the travel lane.

2-101.04 CROSS SLOPES

The cross slopes of travel lanes and shoulders are defined in each of the RD11-TS Series
i Typical Sections and Design Criteria Roadway Standard Drawings based on road classification.
If the cross slope does not match the standard drawing, a Design Exception Request and
Justification form shall be submitted. See Section 2-105.00 Design Exception Requests for further
guidance. The cross slope of a road is normal crown (-0.02 ft/ft) unless it is in a superelevated
section. Shoulder cross slopes are usually -0.04 ft/ft. The slopes of the shoulder and roadway
pavement shall not exceed an algebraic difference of 0.07 ft/ft.

Designers shall refer to the appropriate RD11-TS Series i Typical Sections and Design
Criteria Roadway Standard Drawings to determine what the change in cross slope should be for
more than two travel lanes in the same direction. The Designer shall evaluate the drainage for
all widening and new alignment projects to ensure the cross slope will drain the road and not
cause ponding issues. This is especially critical on interstate widening projects where drainage
occurs along a median barrier wall and the existing inside shoulder width may be reduced to
accommodate additional lanes.

2-102.00 VERTICAL DESIGN

The Vertical Design consists of the vertical alignment and components of grade, stopping
sight distance, passing sight distance, and vertical clearance. The vertical alignment and how it
coincides with the horizontal alignment is reflected in the RD11-TS Series-Typical Sections and
Design Criteria Roadway Standard Drawings. These standards shall be used to determine
maximum grades for specific design speeds and terrain types, minimum stopping sight distance,
and minimum passing sight distance.

There are often times when some of the vertical design criteria cannot be met for a portion
of the road on a project. A Design Exception shall be requested for the following vertical
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components: maximum grade, stopping sight distance, or vertical clearance. See Section 2-
105.00 Design Exception Requests for further guidance.

2-102.01 VERTICAL GRADES

The RD11-TS Series - Typical Sections and Design Criteria Roadway Standard Drawings
list the maximum vertical grade based on design speeds and terrain types. If the maximum grade
is exceeded, a Design Exception is required. See Section 2-105.00 Design Exception Requests
for further guidance. However, if the grades exceed the maximum recommendations where the
Designer is matching existing vertical grade at the beginning and end of the project, a Design
Exception is not needed. If there is a question of whether or not a Design Exception is needed,
they shall contact the Roadway Design Division at TDOT.Design@tn.gov.

The Designer shall consider constructability of the road, side roads, and private drives
when designing the vertical grade. Large cuts and fills are very difficult to construct. If this is
unavoidable, the Designer shall discuss traffic control options at the R.O.W. field review.

2-102.02 STOPPING SIGHT DISTANCE

Stopping Sight Distance is the distance that a motorist needs to be able to stop before
colliding into something in the road such as another vehicle, pedestrian, debris, etc. Stopping
sight distance requirements are incorporated into the RD11-TS Series i Typical Sections and
Design Criteria Roadway Standard Drawings. If the criteria for K-values for Stopping Sight
Distance are not met, a Design Exception is required. See Section 2-105.00 Design Exception
Requests for further guidance.

2-102.03 STOPPING SIGHT DISTANCE ON HORIZONTAL AND VERTICAL
INTERSECTIONS

Designers shall evaluate stopping sight distance and understand the correlation between
horizontal and vertical components. Stopping Sight Distance shall be determined for both
horizontal and vertical curves at intersections. The Designer shall ensure that intersection sight
distance is provided in addition to adequate stopping sight distance at all intersections, railroad
crossings without train activated warning devices, and commercial drives. The Designer can
calculate the line of sight in these cases. Refer to the RD11-SD Series i Intersection Sight Distance
Roadway Standard Drawings- for line of sight calculations and tables.

2-102.04 STOPPING SIGHT DISTANCE ON HORIZONTAL AND VERTICAL
CURVES

Sight distance should be determined for both horizontal and vertical curves at
intersections. Figure 2-2, Line of Sight for Stopping Sight Distance for Horizontal Curve, depicts
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a situation where the driver is traveling around a curve and the line of sight needed to ensure the
other car is visible. If vegetation or other obstacles were in the designated clear zone area, the
motorists would not be able to see the car. Designers shall always evaluate the line of sight for
areas such as this and where guardrail, median barrier, retaining walls, vegetation, utility poles, and

other roadside elements may cause a sight distance issue which in turn causes a stopping sight
distance problem.

LEGEND

RECOMMENDED ENFANCED LATERAL OFFBET

m ADDITIONAL ROW AS REQUIRED (4)

——  LINE OF SIGHT FOR
BTOPPING BIGHT
DISTANGE

£ // /I A0 BN

FIGURE B.
MINIMUM LATERAL OFFSET FOR
LOW SPEED URBAN ROADS (8)

Figure 2-2
Line of Sight for Stopping Sight Distance for Horizontal Curve

Figure 2-3, Line of Sight for Stopping Sight Distance for Vertical Curve, depicts a situation
where the driver is traveling over a hill and the road hazard is on the downgrade. Designers shall
always evaluate the stopping sight distance on vertical curves where factors such as signalized
intersections, side roads, driveway entrances, etc. could cause sight distance issues.
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MINIMUM
STOPPING SIGHT
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Figure 2-3
Line of Sight for Stopping Sight Distance for Vertical Curve

When designing traffic control plans, stopping sight distance should also be evaluated.
When possible, lane drops should be avoided on horizontal and/or vertical curves so that drivers
are in a tangent section during the lane drop. Also, designers should ensure that signing is
adequate when there are existing stopping sight distance issues or when the construction may
be impairing stopping sight distance.

2-102.05 VERTICAL CLEARANCES FOR BRIDGES

The minimum vertical clearance for all structures on all systems shall not be less than 16
feet over the entire roadway width, including the usable width of shoulder. The vertical clearance to
sign trusses and pedestrian overpasses shall be 17 feet because of their reduced resistance to
impacts. The vertical clearance from the deck to the cross bracing on through truss structures shall
also be a minimum of 17 feet. The minimum vertical clearance for railroad crossings from the
structure to the top of the rails shall be 23 feet. An allowance of 6 inches shall be added to all vertical
clearances to accommodate future resurfacing.

If the length for Stopping Sight Distance is not met, a Design Exception is required. See
Section 2-105.00 Design Exception Requests for further guidance. On crossings of low volume
roadways where the cost of providing 16 feet of clearance might be considered unreasonable and
may justify an exception, the Design Manager and Structures Division personnel shall complete a
joint cost analysis justifying a reduction in vertical clearance. This cost analysis shall be submitted
to the Director of the Structures Division for approval.
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2-103.00 DESIGN SPEED

The design speed is different from the other controlling criteria in that it is a design control,
rather than a specific design element. In other words, the selected design speed establishes the
range of design values for many of the other geometric elements of the roadway. Generally,
Design Exceptions are requested when the design speed cannot be maintained for the entire
project. An example would be that a horizontal or vertical curve could not be designed to meet
the proposed design speed. When this occurs, a Design Exception shall be requested for that
curve. The project shall be signed with the appropriate advisory speed at locations on the plans
where this occurs.

2-104.00 DESIGN LOADING STRUCTURAL CAPACITY

Safe load-carrying capacity for all State unrestricted legal loads or routine permit loads
and, in the case of bridges and tunnels on the Interstate, all Federal legal loads is a controlling
criteria and shall be evaluated. The Structures Division verifies the loading structural capacity of
structures on the roadway. If the proposed design loading structural capacity is not met, a Design
Exception shall be requested.

2-105.00 DESIGN EXCEPTION REQUESTS

Despite the range of flexibility that exists with respect to the controlling elements of design,
there are situations in which the accepted criteria are not applicable to the project circumstances
or cannot reasonably be met. For such instances, when it is appropriate, the design exception
process allows for the use of criteria other than the accepted values. Design exceptions can be
viewed as opportunities to add practicality or value to the design and should not necessarily be
considered as violation of policy.

The design exception process requires formal approval for exceptions relating to the
following 10 controlling criteria of design:

Type | Exception to Controlling Criteria

91 Design Speed
9 Design Loading Structural Capacity

For exceptions based on Type | Criteria, all roadways onthe NHS mayr equi r e rdvieMiVA O s
The Roadway Design Division Director provides final approval. Exceptions to Type | criteria are
rare and additional information shall be provided.
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Type Il Exception to Controlling Criteria

Lane Width

Horizontal Curve Radius
Stopping Sight Distance
Shoulder Width

Cross Slopes
Vertical Clearance
Superelevation Rate
Maximum Grade

E N E R
E

For exceptions based on Type Il Criteria, all roadways on the NHS with design speeds O50 mph
mayr e qui r e rdvielVAhe Koadway Design Division Director provides final approval.

All other roadways (non-NHS) exceptionst o contr ol l ing crit eravievgthalo not
Roadway Design Division Director provides final approval.

Projects designated as Limited Scope do not require a design exception.

Note:
Roadways on the Appalachian Development Highway System, or FHWA Projects of Division
Interest (PODl) mayr e qui r e rdvieM\ér @esign exceptions regardless of the controlling
criteria.

Design exception requests for projects shall be submitted to the Regional Director of
Project Development using the Design Exception Form, shown in Figure 2-4, Design Exception
Form. Once reviewed and recommended for approval, the Regional Director of Project
Development shall forward the design exception request form to the Roadway Design Division
Director, who will either provide final approval or forward to FHWA for final approval, as
appropriate.

Approved design exceptions shall be noted, with approval date, in the lower right corner
of the title sheet as well as on the cover sheet for the R.O.W. and Construction checklist.

All applicable material from the following list shall be addressed in narrative form on the
Design Exception Request Form, shown in Figure 2-4, Design Exception Form, by the Designer.
For locally developed projects, the highest local official responsible for the project is responsible
for this task.

1. Accident experience or data.

2. The effect of the variance from the design standard on safety and operation of the
facility.

3. Any safety mitigation measures considered and provided to minimize the effect of the
reduced design.

4. The compatibility of the design and operation with adjacent sections.

The comparative cost of the full standard versus the reduced design being proposed.

6. The long-term effect of the reduced design as compared to the full standard.

o
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7. The difficulty in obtaining the full standard such as right-of-way restriction, delays,
environmental impacts, etc.

8. Any capacity reductions or operational problems caused by the proposed exception.

9. Level of service for full standards versus the reduced design.

10. The cumulative effect of more than one standard that is being reduced.

11. The possibility of improving or correcting the reduced design feature in the future.
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DESIGN EXCEPTION REQUEST FORM TDOT
TO: Choose One

FROM: Choose One
DATE: Click here to enter a date.

This form is to be used on projects requesting a Design Exception where roadway projects
do not meet the 10 controlling elements of the geometric design criteria.

Design Exception:

Type | Exception to Controlling Criteria

¢ Design Speed
+ Design Loading Structural Capacity

For exceptions based on Type | Criteria, all roadways on the NHS may require FHWA's
review. The Roadway Design Division Director provides final approval. Exceptions to
Type | criteria are rare and additional information shall be provided.

Type Il Exception to Controlling Criteria

Lane Width

Horizontal Curve Radius
Stopping Sight Distance
Shoulder Width

Cross Slopes
Vertical Clearance
Superelevation Rate
Maximum Grade

. & &
* s o @

For exceptions based on Type Il Criteria, all roadways on the NHS with design speeds 2
50 mph may require FHWA's review. The Roadway Design Division Director provides
final approval.

All other roadways (non-NHS) exceptions to controlling criteria do not require FHWA's
review; the Roadway Design Division Director provides final approval.

Note:

Roadways on the Appalachian Development Highway System, or FHWA Projects of
Division Interest (PODI) may require FHWA's review for design exceptions regardless of
the controlling criteria.

DOCUMENTATION

A design exception is a variance based on one or more of the controlling criteria (either
Type | or Type II). All requests shall be documented on this form. Plan sheets, location
map, and supplemental information (i.e. Google maps) must be enclosed for a timely
review by the Department. All design exception requests must be justified based on the
objective and context demonstrating compliance with accepted transportation
engineering principles and reasons for the decisions. The proposed variation shall not

Page10of 7
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Figure 2-4
Design Exception Request Form
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diminish the existing operation and safety of the facility. Historical in-service performance
or a traffic engineering study (on site or simulation) may be required.

Type | Exception to Controlling Criteria requires additional documentation:

+ Design Speed exceptions. Length of section with reduced design speed compared
to overall length of project. Measures used in transitions to adjacent sections with
higher or lower design or operating speeds.

+ Design Loading Structural Capacity exceptions. Verification of safe load-carrying
capacity (load rating) for all State unrestricted legal loads or routine permit loads,
and in the case of bridges and tunnels on the Interstate, all Federal legal loads.

Type Il Exception to Controlling Criteria requires additional documentation:

Specific design criteria that will not be met.

Existing roadway characteristics.

Alternatives considered.

Comparison of the safety and operational performance of the roadway and other
impacts such as right-of-way, community, environmental, cost, and usability by all
modes of transportation.

« Proposed mitigation measures.

« Compatibility with adjacent sections of roadway.

Additional guidance can be found in the Highway Capacity Manual, Highway Safety
Manual, Performance Based Practical Design, and Flexibility in Design. Design Exception
Requests located within the city limits require a letter from the local agency approving the
request.

All other geometric design variances on facilities outside the category | and |l criteria shall
be documented on a Design Waiver Request form.

Page 2 of 7
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Figure 2-4 (Continued)
Design Exception Request Form
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PROJECT DATA

Current Project Phase

Scope change []
(Evaluate NEPA impact)

Planning [ Design [ Construction [J

County/ City

PIN

Federal Project No.

State Project No.

Project Limits

Local Program Project

State Let
Local Let

Yes[] No O
If yes, then

Yes[] No [
Yes[] No J

Project Type

New Alignment [

Reconstruction O

Resurfacing (J

Road Diet/Road Reconfiguration [] (Note: Road Diet Evaluation form may
Maintenance [J be required)

Road Safety Audit (J

Bridge Repair [

Bridge Rehabilitation [J

Signalization [

Other [J
US Route/NHS | Yes[] No [
State Route
Yes[] No [J
Appalachian
Development Highway | Yes[] No [J
System
FHWA PODI Project | Yes[] No []

Project Scope (Briefly
describe the objective of
project)

Project Commitments

Page 3of 7
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Figure 2-4 (Continued)

Design Exception Request Form
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ROADWAY GEOMETRIC DESIGN DATA

Highway Functional Freeway O
Classification: ArterialC]

(See Green Book 2011 | Collector T
Section 1.3) | Local Road/Street [J

Rural or Urban Context | Rural CJ

Rural Town (city limits) (J

Suburban (initially designed as rural but currently in city limits) [l
Urban (city limits) O

Urban Core (in the metropolitan government jurisdiction) CJ

Roadway Typical Section
Standard Drawing: | ——
Existing Design Speed:

Existing Posted Speed:
Proposed Design Speed:
Proposed Posted Speed:

Type of Terrain: | Level ' Rolling CJ Mountainous [J

Traffic Data: ADT (20XX): D:_1/
ADT (20XX): T: %
DHV:
Access Control | None[] Partial [J FullCd)

Multimodal Design | Pedestrian [
Elements Included in the | cyrb Ramps O

scope of the Project | pegestrian Signals O

Shared-Use Path [J

New sidewalks [J

Non-motorized Enhancement [

Bicycle (0 (including bike route/lane, tract addition to existing
roadway facility)

Bus Route | Yes[] No [

Page 4of 7
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Figure 2-4 (Continued)
Design Exception Request Form
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GEOMETRIC DESIGN CONTROLLING CRITERIA
Design Exception Requests
Controlling elements must be completed for items where an exception is requested.

Existing Proposed Exception
Design Speed:
Design Loading structural
capacity:
Lane width:
Shoulder width
(inside/outside):
Cross Slope:
Superelevation Rate:
Horizontal Curve Radius:
Stopping Sight Distance:
Maximum Grade:
Vertical Clearance:
Navigational
Waterway:
Grade separation:
Railroad crossing:

BRIDGE DESIGN FEATURES
Complete if the bridge feature values differ from those listed in the Geometric Design Controlling
Criteria Section.

Existing Proposed Exception REQ
Traffic Lane Widths: O
Qutside Shoulder Widths: |
Inside Shoulder Widths: O
Sufficiency Rating: O
CRASH HISTORY SUMMARY REPORT
Years Total Fatal Crashes Injury Crashes
Reviewed Crashes
TDOT DIRECTIVES TO BE CONSIDERED FOR THE EXCEPTION REQUEST
YES | NO | N/A

SAFETY

Crash history data has been reviewed and is enclosed.

All roadway and roadside safety mitigation measures have been considered and
provided.

The proposed variance from the minimum roadway design standards does not
adversely affect the safety of the facility.

oo o o
oo o |a
oo o o

The Highway Safety Manual was used to justify the design exception.

OPERATIONS

Page 5of 7
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Figure 2-4 (Continued)
Design Exception Request Form
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Figure 2-4 (Continued)
Design Exception Request Form
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